INTRODUCTION
============

*Radix Polygalae* (RP), the dried root of *Polygalae tenuifolia Willd*, has traditionally been used across East Asia in a number of capacities, including an expectorant, memory enhancer and sleep aid \[[@B1]\]. In preclinical research, RP and extract fractions have demonstrated neuroprotective, nootropic \[[@B2]\], and antidepressant-like properties \[[@B3]\]. Constituents of RP have also attenuated behavioral alterations induced by chronic unpredictable stress and corticotrophin-releasing hormone injection \[[@B4]\]. As both experimental evidence and traditional understanding thus suggest that RP may aid the development of therapeutics for anxiety disorders, we decided to test the effects of its extract in single prolonged stress-conditioned fear (SPS-CF) mouse model, which recapitulates key symptoms of post-traumatic stress disorder (PTSD).

PTSD is a condition of chronic abnormal emotional response to past traumatic experiences \[[@B5]\]. While sympathetic hyper-reactivity triggered by cues of fear memory are adaptive that ensures an organism\'s avoidance of repeated danger, when such hyperarousal is triggered chronically and cause debilitating symptoms, PTSD may be diagnosed \[[@B6]\]. FDA approved sertraline and paroxetine have been reported with low remission, frequent relapse, and treatment-refractory symptoms \[[@B7]\]. Thus the development of novel pharmacological therapies for PTSD are in high priority.

A large body of evidence supports validity of the single prolonged stress (SPS) paradigm as a rodent model of PTSD \[[@B8]\]. While SPS in rats was described with recurrent fear response to environmental cues and low serum glucocorticoid levels suggestive of PTSD-like hypothalamus-pituitary-adrenal axis suppression, electrical foot shock (EFS) training prior to SPS application was required to establish comparably stable responses in mice \[[@B9]\]. This modified protocol provided improved validity to PTSD compared with either SPS or conditioned fear alone \[[@B9]\].

Bcl-2-associated athanogene (BAG1) is a regulatory cochaperone that attenuated the glucocorticoid receptor (GR) nuclear trafficking and functions. Due to the finding that BAG1 overexpressed mice under the NSE (neuron-specific enolase) promotor showed an increased resistance to stress \[[@B10]\], and antagonizing the effect of GR improved the symptoms of treatment-resistant PTSD \[[@B11]\], we investigated whether RP administration increases the expression of BAG1 in SPS-CF model mice. Therefore, in order to examine the possible utility of RP in further development of novel pharmaceutical therapies for PTSD, we tested the pharmacological effect of RP extract on mice exposed to SPS-CF.

MATERIALS AND METHODS
=====================

Animals
-------

Seven-week old male C57Bl/6 mice (Central Laboratory Animals Inc., Korea) (n=104) were housed in a temperature- and humidity-controlled environment under 12-hour light-dark cycles (7:00 AM to 7:00 PM) with free access to chow and water.

All protocols were approved by the Institutional Animal Care and Use Community of Kyung Hee University (KHMC-IACUC: 12-009) and thus conducted in accordance with the NIH Guide for the Care and Use of Laboratory Animals. All tests were conducted between the hours of 9:00 and 18:00.

Preparation of RP extract
-------------------------

RP was purchased from Kyung Hee Hanyak (Korea). A voucher specimen was deposited. Dried RP was boiled at 80℃ in 70% ethanol for 1 hour then repeated for 40 more minutes. The combined filtrate was evaporated on a rotary evaporator under reduced pressure and freeze-dried to yield 28% (w/w) of the original product. For experimental use, crude extracts were completely dissolved in DW at a concentration of 10 µg/ml (w/v).

SPS-CF stress exposure
----------------------

SPS-CF was adapted from a method previously described \[[@B9]\]. Briefly, training consisted of daily EFS delivery for 5 days. Sessions began with 60 s of chamber adaptation (JD-SI-11 Shuttle Box, Jeungdo B&P), followed by 10 s of 80 dB white noise cue and chamber illumination. An EFS of 1 mA was delivered during the last 2 s of cue signals. On the sixth day, mice suffered SPS by 2 hours of immobilization, 20 minutes of forced swimming and exposure to ether until the loss of consciousness. For the next 7 days, mice were left undisturbed in their home cages.

Conditioned fear test
---------------------

Freezing following exposure to the shock chamber and white noise were observed as measurements of acquired fear for context and cue, respectively. Contextual freezing was measured in the shock chamber for 5 minutes. For the measurement of cued freezing, mice were placed in a novel chamber shaped like an equilateral triangular prism (base length 24 cm; height 57 cm; height 35 cm) for 3 minutes, followed by 3 minutes of the 80 dB white noise. Activity was videotaped for later analysis.

Y maze
------

Y maze consisted with three corridors joined at the center at equal angles. Alternation was defined as a sequential visit to each arm without repetition of either of the two previous arms. After placing a mouse in the maze, movements were recorded for 5 minutes. Percent alternation was calculated as the number of correct alternations per total arm visits minus 2 \[[@B12]\].

Open field test
---------------

Spontaneous locomotion was measured in a plexiglass box in a dimly lit room. Locomotor activity of the mice placed in the box was traced for 30 minutes. Distance moved in the open field was analyzed with Smart 3.0 videotracking software (Panlab, Spain).

Elevated plus maze
------------------

Anxiety-like behaviors was measured by the elevated plus maze. The apparatus was a cross-shaped maze which has open arms and closed arms on each side, which were elevated 60 cm above the floor. For test, mice were placed in the center region with its head pointing toward an open arm. The movement of mice through the maze was recorded for 5 minutes. Time spent in open arms was analyzed using Smart software.

Novelty-suppressed feeding test
-------------------------------

The novelty-suppressed feeding test compares the strength of a mouse\'s fear for open environments against its desire to feed; our version of the test was adapted from a method previously described \[[@B13]\]. Before testing, mice were deprived of food in the home cage for 24 hours. During testing, a food pellet was placed in the center of the test box, and a mouse was lowered to a corner of the box. The latency until the mouse bit the pellet was measured for 10 minutes. Any sniffing or touching the pellet was ignored. If the mouse had not acquired the pellet within 10 minutes, feeding latency was recorded as 10 minutes. After this, mice were returned to their home cages, and the latency to acquire a food pellet was observed.

Morris water maze
-----------------

Long-term spatial memory was measured by performance on the Morris water maze. Testing was performed in a water tank (80 cm diameter) filled to 0.5 cm above a platform with tap water made opaque by white paint. For 5 days, mice were trained to locate the submerged platform according to symbols placed around the walls. Each training day included 4 sessions, each starting in a different quadrant. Mice were given 60 seconds to locate the platform, and were allowed to remain on it for 10 s before being returned to the home cage. If mouse was unable to escape within 60 seconds, it was guided to the platform. On the sixth day, probe test was performed without the platform, during which the time spent in the target quadrant was measured for 60 seconds.

Western blot
------------

For tissue collection, mice were deep anesthetized, decapitated and each hippocampus was rapidly dissected and stored at −80℃ until use. Immunoblotting was performed as described previously \[[@B3]\]. In brief, the hippocampus was denatured in lysis buffer and the protein concentration was determined by BCA method (Bio-rad, CA, USA). Then it was resolved by SDS-PAGE and transferred to the PVDF membrane. Primary antibodies (anti-BAG1; sc-377454, anti-beta actin; sc−517582, Santa Cruz Biotech. Dallas TX) were diluted to a 1:1000 concentration ratio and applied overnight at 4℃. After an hour of incubation in 1:1000 diluted secondary antibody, bands were visualized by ECL solution (Thermo Fisher Scientific, MA) and quantified with a chemiluminiscence detector (Davinch Chemi imaging system, CellTagen, Korea) and the ImageJ image analysis software (NIH, USA).

HPLC analysis
-------------

Norharmane (P1121) and 3,4,5-trimethoxycinnamic acid (TMCA, T1104) were purchased from TCI (Japan). Tenuifolin (CFN98157) and 3,6,disinapoyl sucrose (DISS; CFN90578) were purchased from ChemFaces (Wuhan, China). The HPLC analysis was performed on an Agilent 1100 series liquid chromatograph with diode array detector (DAD) interfaced with an Agilent Chem. Station for the data analysis. The column was a 4.6 mm ID×250 mm Zorbax Eclipse Plus C18 column (5 µm pore size; Agilent, CA) with a Security GuardTM guard cartridge (3.0×4.0 mm, Phenomenex, CA). The mobile phase was composed of 0.1% phosphoric acid in water and acetonitrile using the following linear gradient program: 0\~20 min, 10\~40% ; 20\~30 min, 40\~50%. Chromatography was carried out in gradient mode using a flow rate of 1.2 ml/min at 25℃ and was detected at various UV wavelength of individual standards and polygalae radix sample. Injection volume is 10 µL. The stock solutions of norharmane, DISS, and TMCA were prepared at 0.1 mM in DMSO (16.8, 75.5, 23.8 16.8 µg/ml, respectively). The stock solution of tenuifolin was prepated at 1 mM in DMSO (680.4 µg/ml). Polygalae radix extract powder was dissolved in DMSO at 20 mg/ml.

Statistical analysis
--------------------

SPSS ver. 20 was used for statistical analysis. Between-group comparisons were made using one-and two-way ANOVA. Tukey\'s HSD test was performed following significant results. Alpha was set at p\<0.05.

RESULTS
=======

Outline of experimental procedures
----------------------------------

After a week of habituation, mice in the cohort 1 and 2 were assigned to four groups: 1) vehicle + non-stress (VeN); 2) RP 0.1 mg/kg + non-stress (RPN); 3) vehicle + SPS-CF (VeS); 4) RP 0.1 mg/kg + SPS-CF (RPS). In cohort 3, mice were assigned to five groups: 1) vehicle + SPS-CF (RPS0); 2) RP 0.1 mg/kg + SPS-CF (RPS0.1); 3) RP 1 mg/kg + SPS-CF (RPS1); 4) RP 10 mg/kg + SPS-CF (RPS10); 5) RP 100 mg/kg + SPS-CF (RPS100). RP was administered by oral gavage during the SPS-CF exposure and undisturbed period for total 13 days. Vehicle group was fed the same volume of DW. All behavioral procedures started at day 14 ([Fig. 1](#F1){ref-type="fig"}).

RP reduces conditioned fear to context but not auditory cue in SPS-CF mice
--------------------------------------------------------------------------

Fear memory was measured by the intensity of freezing to context and auditory cue ([Fig. 2](#F2){ref-type="fig"}). By exposure to the context, freezing response was higher in SPS-CF mice than unstressed mice both after vehicle (VeN vs VeS, p\<0.001) and RP (RPN vs RPS, p\<0.001) treatment ([Fig. 2A](#F2){ref-type="fig"}). Among SPS-CF mice, freezing time was lower in RP-treated relative to vehicle-treated (VeS vs RPS, p\<0.01). The freezing response to context exposure was lower in all dose ranges \[0.1 mg/kg (p=0.004), 1 mg/kg (p=0.011), 10 mg/kg (p\<0.001) and 100 mg/kg (p=0.002)\] relative to untreated ([Fig. 2B](#F2){ref-type="fig"}).

Freezing response to auditory cue demonstrated a significant effect of SPS-CF before and after the presentation of auditory cue (p\<0.001), but RP had no effect on cue-induced fear reduction in SPS-CF mice (VeS vs RPS, p=0.55) ([Fig. 2C](#F2){ref-type="fig"}). Freezing response to auditory cue after incremental doses of RP was non-significant (p=0.61) ([Fig. 2D](#F2){ref-type="fig"}). These results showed a selective effect of RP on contextual conditioned fear reduction but not on cue-induced conditioned fear in SPS-CF mice.

Spatial reference and working memories were improved or maintained by RP in SPS-CF mice
---------------------------------------------------------------------------------------

Because the reduction of contextual fear response by RP could be a consequence of cognitive impairments, spatial reference and working memory was measured in the Morris water maze and Ymaze, respectively ([Fig. 3](#F3){ref-type="fig"}).

The latency to locate the hidden platform in Morris water maze was delayed by SPS-CF (VeN vs VeS, p\<0.001) ([Fig. 3A](#F3){ref-type="fig"}). RP improved the latency in SPS-CF mice (VeS vs RPS, p\<0.001). On the probe trial in Morris water maze, SPS-CF mice spent less time in the target quadrant than unstressed mice whether in RP-(VeN vs VeS, p\<0.05) or RP+ (RPN vs RPS, p\<0.01) conditions ([Fig. 3B](#F3){ref-type="fig"}). RP had no effect on time spent in the target quadrant relative to unstressed (VeN vs RPN, p=0.593) or SPS-CF mice (VeN vs RPS, p=0.895). Percent alternation in the Y-maze, as a measurement of working memory, demonstrated no effect by SPS-CF (p=0.42) and RP (p=0.84) treatment ([Fig. 3C](#F3){ref-type="fig"}). There was no difference in the swimming speed among experimental groups.

Because the performance in Morris water maze and Y-maze depends on activities in the maze, spontaneous locomotion was measured in the open field. SPS-CF and RP had no effect on travel distance, which meant our cognitive measurement was not confounded by activity changes ([Fig. 3D](#F3){ref-type="fig"}). Based on these findings, RP\'s reduced contextual fear memory without disrupting spatial reference and working memories.

Anxiety-like behaviors were not changed by RP treatment
-------------------------------------------------------

Because the reduction of contextual fear response by RP could be a consequence of anxiolytic effect, anxiety-like behaviors were measured in the elevated plus maze and novelty suppressed feeding paradigm ([Fig. 4](#F4){ref-type="fig"}).

Both SPS-CF and RP treatment had no effect on open arms time in the elevated plus maze ([Fig. 4A](#F4){ref-type="fig"}). Similarly, the latency to feed in novelty suppressed feeding paradigm were non-significant ([Fig. 4B](#F4){ref-type="fig"}). In their homecages, which is a familiar environment, all mice acquired a food pellet within 5 seconds. Based on these findings, reduced contextual fear was not a consequence of anxiolytic effect.

Increased hippocampal BAG1 expression by RP treatment
-----------------------------------------------------

The expression of BAG1 was measured in the SPS-CF and RP treated mice ([Fig. 5](#F5){ref-type="fig"}). BAG1 is a regulatory protein of GR which has the role of increasing stress resistance. Compared with unstressed mice, the hippocampal BAG1 expression was reduced in SPS-CF mice (VeN vs VeS, p=0.027). Compared with SPS-CF mice, RP treatment to SPS-CF mice increased the hippocampal BAG1 expression (VeS vs RPS, p=0.045).

HPLC detection of RP key components
-----------------------------------

The presence of norharmane, DISS, TMCA, and tenuifolin, which are the known key components of RP extract, was tested using the HPLC analysis. To measure the retention time, 10 µl of the stock solution of each molecules were injected. The retention time of norharmane, DISS, TMCA and tenuifolin was 8.613 minute measured at 254 nm, 13.15 minute measured at 330 nm, 18.68 minutes measured at 310 nm and 21.38 minute measured at 202 nm, respectively. In the RP extract, peaks of norharmane ([Fig. 6A](#F6){ref-type="fig"}), DISS ([Fig. 6B](#F6){ref-type="fig"}), TMCA ([Fig. 6C](#F6){ref-type="fig"}) were identified. But the peak of tenuifolin ([Fig. 6D](#F6){ref-type="fig"}) was not detected.

DISCUSSION
==========

PTSD is characterized by repetitive episodes of heightened anxiety and fear reactions of victims who have previously been exposed to psychological trauma. Cognitive treatments and pharmacological agents that attempt to treat this disorder have limited efficacy. Here we provide evidence that RP extract can specifically reduce conditional fear memory without interfering with spatial reference or working memory.

SPS-CF is a mouse model that shares many characteristics with PTSD \[[@B9]\]. In a previous study, mice exposed to SPS-CF showed excessive conditional fear, deficit in novel object memory, and apoptotic cell death in the hippocampus \[[@B9]\]. In our study, SPS-CF mice showed more fear responses to conditioned context and auditory signals compared to unstressed controls. In the Morris water maze test, SPS-CF mice spent more time finding the escape platform during the acquisition trials and spent less time in the target quadrant during the retention test. In the unstressed mice, 13-day RP administration did not affect the fear response. However, in SPS-CF mice RP decreased context-induced fear, but did not affect cue-induced fear. The reduction of this fear response was not due to the lack of contextual memory because the working memory and spatial memory were not affected, but rather improved. This is consistent with previous findings that RP prevented the spatial memory impairment in scopolamine-treated rats \[[@B2]\] and that RP components showed improvement in hippocampus-dependent learning and age-related memory loss \[[@B14]\].

Increased spontaneous locomotion activities can be misinterpreted as an improved memory in the Morris water maze and Y-maze task, as well as a reduced fear memory in conditioned fear test. We found that there was no difference in locomotor activity in the open field test between experimental groups. Therefore, our findings more likely reflect RP\'s action on cognitive functions. Also reduced anxiety can be misinterpreted as a reduced fear memory. Anti-anxiety effects due to RP have been reported \[[@B15]\]. However, the dose of RP administered did not affect anxiety-like behaviors in our results. If the reduction of contextual freezing is due to anxiolytic effects, this reduction should also result in the reduction of cued freezing.

More research is needed on the mechanism by how RP improves spatial learning without affecting cued fear memory and working memory, while reducing contextual fear memory. A previous study has shown that mice with heterozygous knockout of CBP (CREB binding protein), a histone acetyltransferase related with learning and memory \[[@B16]\], exhibited impaired contextual fear memory, but normal cued fear memory and spatial learning \[[@B17]\]. Similarly, mice with dominant-negative CBP mutation showed impaired contextual fear memory and spatial memory, but normal cued fear memory \[[@B18]\]. Mice with heterozygous truncated CBP proteins showed impaired cued fear, but intact contextual fear \[[@B19]\]. PCAF (p300/CBP associated factor) knockout mice showed impaired spatial memory, but enhanced contextual fear \[[@B20]\]. In addition, silencing of GSK-3β (glycogen synthase kinase-3β) in the dentate gyrus inhibited contextual memory, but not cued fear memory, spatial memory, locomotor activity and anxiety related behaviors \[[@B21]\]. These results indicate that spatial navigation memory, contextual fear memory and cued fear memory are mediated by distinct neuronal substrates.

Because of the specific suppression of contextual fear memory, without compromising spatial reference and working memory, RP can be considered as a candidate for PTSD treatment. Drugs currently in use for PTSD need urgent improvement \[[@B22]\]. The response rate of the currently available selective serotonin reuptake inhibitors is about 60% and the full remission rate is only about 30%. Especially in combat-related PTSD, the effect is very poor \[[@B22]\]. Based on the finding that noradrenergic hyperreactivity could be the basis of fear memory enhancement, administration of α1-antagonists are shown to relieve symptoms associated with sleep disturbances \[[@B23]\]. However, instead of mere symptom relief, new therapies for PTSD require modifications to the cognitive processes associated with fear memory retrieval, reconsolidation, and extinction. RP can be seen as a drug that modifies the cognitive processes of fear memory. In preclinical studies, propranolol (β-adrenoceptor antagonist) has been shown to block reconsolidation of fear memory, which may be helpful in a clinical setting \[[@B24]\]. Activation of the cannabinoid type 1 receptor also shows an advantage in inhibiting reconsolidation and facilitating extinction of fear memory \[[@B25]\]. Glucocorticoid treatment reduces PTSD symptoms within one month by affecting reconsolidation \[[@B26]\]. GR antagonists reduce the PTSD symptom severity scale in patients with treatment-resistant PTSD \[[@B11]\]. Treatment with GR antagonist RU40555 prior to SPS training inhibits the formation of fear memory \[[@B27]\]. Another GR antagonist, mifepristone, can also prevent the reconsolidation of cue-conditioned fear \[[@B11]\]. It may also be useful to test in the future if RP can modify the cognitive process of fear memory regulation.

BAG1 is a Hsp70/Hsc70-regulating co-chaperone that regulates the activity of GR \[[@B28]\]. Specifically, BAG1 antagonizes the GR-mediated effect by attenuating the assembly of GR and blocking GR-mediated transcription in the nucleus \[[@B29]\]. In a previous study, BAG1 promoted recovery from the deleterious consequences of stress exposure in mice \[[@B10]\]. In a pilot study, we found that RP increased BAG1 expression in the HT22 cell line (data not shown). Based on this finding, we investigated whether RP was able to influence BAG1 expression in the hippocampus. In this study we have shown that RP increased the expression of BAG1 in the hippocampus, which was presumed to be related to the inhibition of fear memory.

Among the known active ingredients of RP, norharmane, DISS and TMCA were confirmed by HPLC analysis, but the presence of tunuifolin in RP was not precisely confirmed. It was found that the content of tenuifolin in the dry weight of RP was only 0.006% \[[@B3]\]. This is because tenuifolin is present in the glycosylated form, known as polygalasaponins, in the crude extract of RP \[[@B30]\]. It is known that polygalasaponins are metabolized by intestinal bacteria and converted to tenuifolin \[[@B31]\]. Therefore, although tenuifolin is an important component associated with the effect of RP, it is hardly detectable in the RP extract.

In conclusion, oral RP extracts attenuated fear memory retrieval in mice exposed to SPS-CF without affecting locomotion, spatial reference, and working memory tasks. These results highlight the need for further study of RP and its constituent compounds as possible therapeutic interventions for exaggerated fear memory such as PTSD.

This work was carried out with the support of "Cooperative Research Program for Agriculture Science and Technology Development (Project No. PJ013314)" Rural Development Administration, Republic of Korea.

![Schematic diagram of behavioral procedures. Eight weeks old male C57Bl/6 mice were used in 3 separate cohorts. SPS-CF was exposed by 5 days of electric shock (1 mA, 2 sec) combined with white noise (80 dB) and light illumination, followed by immobilization (2 hr), forced swim (20 min), and ether anesthesia in the 6^th^ day. Then mice were left undisturbed for 7 days. In cohort1, contextual and cued freezing, alternation in the Y-maze, locomotion in the open field and anxiety levels in the elevated plus maze and novelty suppressed feeding test was measured. In cohort 2, spatial reference memory was measured in the Morris water maze. Then mice were sacrifice for tissue collection. In cohort 3, concentration-dependent effects of RP on contextual and cued fear was measured.](en-27-200-g001){#F1}

![Effects of RP extract on SPS-CF stress-induced increased fear memory. (A) Conditioned fear response to context exposure (n=6 for VeN, RPN, VeS, n=7 for RPS). Two-way ANOVA demonstrated a significant effect of SPS-CF (*F* ~1,21~=2779.0, p\<0.001) and RP (*F* ~1,21~=6.2, p=0.022) on the freezing time. Also a significant SPS-CF × RP (*F* ~1,21~=5.8, p=0.026) existed. RP reduced freezing in SPS-CF mice (VeS vs RPS: p=0.003, Tukey\'s HSD post-hoc test). (B) Concentration-dependent effects of RP on contextual freezing (n=41). Univariate ANOVA showed a significant effect of RP doses (*F* ~4,36~=5.5, p\<0.001); Tukey\'s HSD post-hoc test confirmed that the intensity of freezing in 0.1 mg/kg (p=0.004), 1 mg/kg (p=0.011), 10 mg/kg (p\<0.001) and 100 mg/kg (p=0.002) dosed mice was reduced. ^\*^p\<0.05, ^\*\*^p\<0.01, ^\*\*\*^p\<0.001 vs RPS0. (C) Conditioned fear response to the presentation of auditory cue (n=24). Three-way ANOVA demonstrated a significant effect of SPS-CF (*F* ~1,40~=52.3, p\<0.001), and the presence of auditory cue (*F* ~1,40~=228.4, p\<0.001), but RP administration had no effect (*F* ~1,40~=0.16, p=0.69). Interaction between SPS-CF × auditory cue was significant (*F* ~1,40~=32.5, p\<0.001). (D) Concentration-dependent effects of RP on cue-induced freezing (n=41). The intensity of freezing was not changed by any of the RP doses in SPS-CF mice (ANOVA; *F* ~4,36~=0.68, p=0.61). All data represent mean±SEM. VeN, vehicle fed, non-stressed; RPN, *RP* 0.1 mg/kg fed, non-stressed; VeS, vehicle fed, SPS-CF exposed; RPS, *RP* 0.1 mg/kg fed, SPS-CF exposed; RPS0, vehicle fed, SPS-CF exposed; RPS0.1, *RP* 0.1 mg/kg fed, SPS-CF exposed; RPS1, *RP* 1 mg/kg fed, SPS-CF exposed; RPS10, *RP* 10 mg/kg fed, SPS-CF exposed; RPS100, *RP* 100 mg/kg fed, SPS-CF exposed.](en-27-200-g002){#F2}

![Effects of RP on SPS-CF stress-induced memory impairment of spatial memory. (A) Latency to find hidden platform in Morris water maze during 5 daily training sessions (n=9 for VeN and RPN, n=10 for VeS and RPS). Three-way ANOVA demonstrated a significant effect by daily repetition of training (*F* ~4,170~=15.9, p\<0.001), SPS-CF exposed stress (*F* ~1,170~=9.2, p=0.003), and RP administration (*F* ~1,170~=26.8, p\<0.001). Only stress × RP administration showed a significant interaction (*F* ~1,170~=4.9, p=0.028). Post-hoc multiple comparison showed a significant effect of RP on reducing the latency in SPS-CF (p\<0.001). (B) Time spent in the target quadrant during the probe trial of Morris water maze test (n=38). Two-way ANOVA demonstrated a significant effect of SPS-CF exposure (*F* ~1,34~=32.5, p\<0.001), but not of RP administration (*F* ~1,34~=2.9, p=0.097) and SPS-CF exposure × RP interaction (*F* ~1,34~=0.4, p=0.53). (C) Working memory performance in the in the Y maze. Two-way ANOVA demonstrated no significant effect neither by SPS-CF exposure (*F* ~1,21~=0.68, p=0.42), RP administration (*F* ~1,21~=0.04, p=0.84) and SPS-CF × RP interaction (*F* ~1,21~=1.7, p=0.21) in % alternation. (D) Spontaneous locomotion in the open field during 30 minutes. Two-way ANOVA demonstrated no significant effect either by SPS-CF stress (*F* ~1,21~=3.75, p=0.11), RP administration (*F* ~1,21~=0.6, p=0.45) and SPS-CF × RP interaction (*F* ~1,21~=0.86, p=0.37) in the total distance traveled. All data represent mean±SEM. VeN, vehicle fed, non-stressed; RPN, *RP* 0.1 mg/kg fed, non-stressed; VeS, vehicle fed, SPS-CF exposed; RPS, *RP* 0.1 mg/kg fed, SPS-CF exposed. ^\*\*\*^p\<0.001; non-stressed vs SPS-CF exposed. ^\#\#\#^p\<0.001; VeS vs RPS.](en-27-200-g003){#F3}

![Effects of RP on anxiety-like behaviors in SPS-CF exposed mice. (A) Time spent in open arms in the elevated plus maze (n=6 for VeN, RPN, VeS, n=7 for RPS). Two-way ANOVA demonstrated non-significant changes by SPS-CF exposed stress (*F* ~1,21~=0.96, p=0.76), and RP administration (*F* ~1,21~=1.7, p=0.21). Also there were no significant stress × RP administration interaction (*F* ~1,21~=3.6, p=0.071). (B) Latency to feed in the novelty suppressed feeding paradigm. Two-way ANOVA demonstrated non-significant changes by SPS-CF exposed stress (*F* ~1,21~=1.8, p=0.195), RP administration (*F* ~1,21~=0.52, p=0.48) and SPS-CF × RP interaction (*F* ~1,21~=2.9, p=0.104). All data represent mean±SEM. VeN, vehicle fed, non-stressed; RPN, *RP* 0.1 mg/kg fed, nonstressed; VeS, vehicle fed, SPS-CF exposed; RPS, *RP* 0.1 mg/kg fed, SPS-CF exposed.](en-27-200-g004){#F4}

![The effect of Radix Polygalae on hippocampal BAG1 expression. (n=4 for each group). (A) Representative western blot images. (B) Bar graph of western blot densitometry. ANOVA revealed significant group difference \[F (3, 15)=11.7, p=0.001\]. Compared with unstressed mice, SPS-CF mice showed reduction of hippocampal BAG1 expression in both mice treated with vehicle (VeN vs VeS, p=0.027) and RP (RPN vs RPS, p=0.032). Mice treated with RP demonstrated higher BAG1 expression both in unstressed (VeN vs RPN, p=0.049) and SPS-CF (VeS vs RPS, p=0.045). All data values represents mean±SEM. VeN, vehicle fed, non-stressed; RPN, *RP* 0.1 mg/kg fed, nonstressed; VeS, vehicle fed, SPS-CF exposed; RPS, *RP* 0.1 mg/kg fed, SPS-CF exposed. ^\*^p\<0.05 vs VeN. ^\#^p\<0.05 vs RPN. ^\$^p\<0.05 vs VeS. ANOVA, Tukey\'s HSD post-hoc test.](en-27-200-g005){#F5}

![HPLC analysis of RP key components. The HPLC analysis was performed on an Agilent 1100 series liquid chromatograph with diode array detector interfaced with an Agilent Chem. Station for the data analysis. The column was a 4.6 mm ID×250 mm Zorbax Eclipse Plus C18 column (5 µm pore size; Agilent, CA) with a Security GuardTM guard cartridge (3.0×4.0 mm, Phenomenex, CA). The mobile phase was composed of 0.1% phosphoric acid in water (a) and acetonitrile (b) using the following linear gradient program: 0\~20 min, 10\~40% B; 20\~30 min, 40\~50% B. Chromatography was carried out in gradient mode using a flow rate of 1.2 ml/min at 25℃ and was detected at various UV wavelength of individual standards and polygalae radix sample. Four standards (Norharmane, TMCA, DISS, Tenuifolin) were prepared at 16.8, 23.8, 75.5, 680.4 µg/ml, respectively. Polygalae radix extract powder was dissolved in DMSO at 20 mg/ml. (A) The retention time of Norharmane was 8.613 minute measured at 254 nm. (B) The retention time of DISS was 13.15 minute measured at 330 nm. (C) The retention time of TMCA was 18.68 minutes measured at 310 nm. (D) The retention time of tenuifolin was 21.38 minute measured at 202 nm.](en-27-200-g006){#F6}
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